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(57) ABSTRACT 

An apparatus includes a display. The display may include a 
frame disposed at a bottom Surface of the display. The appa 
ratus may include a semiconductor chip. A heat pipe con 
structed of a thermally conductive material may be affixed to 
the frame. A surface of the heat pipe may oppose the semi 
conductor chip at a predetermined distance from the semi 
conductor chip. 

11 Claims, 9 Drawing Sheets 
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1. 

APPARATUS AND METHOD FOR 
DSSPATING HEAT 

BACKGROUND 

1. Technical Field 
The present disclosure relates to a method and apparatus 

for dissipating heat. In particular, the present disclosure 
relates to a method and apparatus for dissipating heat gener 
ated by components in a mobile device. 

2. Description of Related Art 
Mobile devices include semiconductor chips that utilize 

integrated circuits for executing various functional aspects of 
mobile device operation. The semiconductor chips included 
with many mobile devices typically emit heat that should be 
dissipated throughout the mobile device so that damage to the 
semiconductor chips does not occur. To address this problem, 
Some mobile devices may include mechanisms that thermally 
radiate heat from the mobile device. For example, a mobile 
device may contain a graphite sheet with Sufficient heat con 
ductivity to diffuse heat generated by a semiconductor chip. 
The graphite sheet may be arranged in a comparatively large 
area so that heat may be diffused from the semiconductor chip 
efficiently. 

SUMMARY 

Performance increases in recent semiconductor chips typi 
cally have resulted in a corresponding increase in the amount 
of heat emitted from the semiconductor chip during opera 
tion. Therefore, thermal diffusion properties exhibited by 
Some heat diffusing mechanisms, such as graphite sheets, 
may not be sufficient to accommodate the thermal radiation 
emitted from these enhanced semiconductor chips. 
Among other things, the present disclosure describes an 

apparatus that includes a display. The display may include a 
frame disposed at a bottom surface of the display. The appa 
ratus may include a semiconductor chip. A heat pipe con 
structed of a thermally conductive material may be affixed to 
the frame. A surface of the heat pipe may oppose the semi 
conductor chip at a predetermined distance from the semi 
conductor chip. 
The foregoing general description of the illustrative 

embodiments and the following detailed description thereof 
are merely exemplary aspects of the teachings of this disclo 
Sure, and are not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of this disclosure and many 
of the attendant advantages thereofwill be readily obtained as 
the same becomes better understood by reference to the fol 
lowing detailed description when considered in connection 
with the accompanying drawings, wherein: 

FIG. 1 illustrates an exemplary mobile device; 
FIG. 2 illustrates an exemplary arrangement of elements 

within a mobile device; 
FIG. 3 illustrates an exploded view corresponding to the 

exemplary arrangement of FIG. 2; 
FIG. 4 illustrates exemplary aspects of a heat pipe provided 

on a mobile device display frame; 
FIG. 5 illustrates an exemplary heat pipe provided in a 

recessed portion; 
FIG. 6 illustrates an exemplary arrangement of providing a 

heat pipe contacting a semiconductor chip shield; 
FIG. 7 illustrates exemplary aspects of heat pipe shapes: 
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2 
FIG. 8 illustrates an exemplary heat pipe arrangement 

including a conductive film; 
FIG. 9 illustrates an exemplary arrangement of heat pipes 

contacting semiconductor chips: 
FIG. 10 illustrates an exemplary aspect of a heat pipe 

shape; 
FIG. 11 illustrates an exemplary heat pipe arrangement; 
FIG. 12 illustrates an exemplary heat pipe arrangement 

according to another aspect of the present disclosure; 
FIG. 13 illustrates a non-limiting example of providing 

multiple heat pipes in a mobile device; 
FIG. 14 illustrates a non-limiting example of a heat pipe in 

a battery recess; and 
FIG. 15 illustrates a non-limiting example of an internal 

battery structure. 

DETAILED DESCRIPTION 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts through 
out the several views. 

FIG. 1 illustrates an exemplary mobile device 100. The 
mobile device 100 may, for example, be a smartphone, a 
tablet device, or the like. A protective cover 111 may surround 
an outer portion of the mobile device 100. The cover 111 may 
be comprised of a synthetic resin and/or a metallic material. 
The mobile device 100 may include a display 120. The 

display 120 may be a Liquid Crystal Display (LCD), a Light 
Emitting Diode (LED) display, or a similar display technol 
ogy typically used in mobile devices. Dimensions of the 
display 120 may be of sufficiently small size such that a user 
may easily carry the mobile device 100. For example, the 
display 120 may have a diagonal length of approximately 4 to 
6 inches. A window 121 may be disposed on a top surface of 
the display 120. The window 121 may provide a protective 
covering for the display 120 such that a user may perform 
touch operations for the mobile device 100 by contacting the 
display 120 with an instruction object, Such as a finger or 
stylus. The window 121 may be formed integrally with the 
cover 111. The window 121 may be comprised of a glass 
and/or a synthetic resin sheet. A backlight 122 may be 
included in the mobile device 100 for providing lighting to the 
display 120. The backlight 122 may, for example, be com 
prised of one or more light emitting diodes. 
A frame 123 may be disposed at a back surface of the 

display 120. The frame 123 may be formed of a thermally 
conductive material. Such as stainless steel and/or aluminum, 
and may cover substantially the entire back surface of the 
display 120. 
A circuit board 141 may be arranged behind a bottom 

surface of the display 120. The circuit board 141 may include 
one or more semiconductor chips arranged on a top and/or a 
bottom surface of the circuit board 141. Shields 142 and 143 
may be respectively arranged at a top and a bottom surface of 
the circuit board 141. The shields 142 and 143 may be 
arranged over one or more semiconductor chips included on 
the circuit board 141. The shields 142 and 143 may beformed 
of a thermally conductive material such that heat may be 
diffused from the semiconductor chips. For example, the 
shields 142 and 143 may be metallic. A camera 130 that 
includes a lens 131 projecting through a hole 112a may be 
attached to the circuit board 141 for capturing images. 
A battery 160 may be disposed within the mobile device 

100. The battery 160 may include circuitry for receiving 
and/or generating an alternating and/or direct current for 
powering the various elements of the mobile device 100. For 
example, the battery 160 may include circuitry for receiving 
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an alternating current for charging the battery 160, and may 
include a rectifier for generating a direct current for powering 
the elements of the mobile device 100. As a non-limiting 
example, the battery 160 may be a lithium-ion type battery. 
A battery cover 112 may cover substantially an entire back 

portion of the mobile device 100, including a location corre 
sponding to the placement of the battery 160 within the 
mobile device 100. Additionally, a rear cover 113 may be 
disposed within the mobile device 100 for housing various 
elements included in the mobile device 100. The battery cover 
112 and the rear cover 113 may be comprised of a synthetic 
resin and/or a metallic material. Moreover, the battery cover 
112 may be attached to the cover 111, or alternatively formed 
integrally with the cover 111. 
The mobile device 100 may include a heat pipe 170 for 

dissipating heat emitted from within the mobile device 100. 
The non-limiting example of FIG. 1 illustrates the heat pipe 
170 arranged adjacent to the frame 123; however, this 
arrangement is not limiting. Additionally, while the example 
of FIG. 1 illustrates a single heat pipe 170 included within the 
mobile device 100, it should be appreciated that a plurality of 
heat pipes may be arranged within the mobile device 100 for 
dissipating heat emitted from the various elements within the 
mobile device 100. Moreover, the heat pipe 170 may be of a 
flat shape, or be of another shape (e.g., a rounded shape). 
The heat pipe 170 may be comprised of a thermally con 

ductive material such that heat is transferred from a high 
temperature side to a low temperature side. A liquid may be 
enclosed within the heat pipe 170 such that heat is transferred 
via evaporation and aggregation of the condensed liquid. That 
is, the liquid enclosed within the heat pipe 170 may undergo 
a phase transition to steam due to heat emitted at the high 
temperature side of the heat pipe 170. The steam generated 
from the heated liquid may move to the low temperature side 
of the heat pipe 170, where it aggregates and returns to liquid 
form. The aggregated liquid may be absorbed by, for 
example, a wick within the inner wall of the heat pipe 170, and 
be transmitted via the wick to the high temperature side of the 
heat pipe 170. 
As shown in FIG. 1, one side of the heat pipe 170 may be 

arranged such that it contacts the shield 142 on the circuit 
board 141. However, those of ordinary skill will appreciate 
that the heat pipe 170 may be arranged within the mobile 
device 100 such that heat generated by any element is dissi 
pated throughout the mobile device 100. Specifically, the heat 
pipe 170 may be arranged at a predetermined distance from an 
element of the mobile device 100, the predetermined distance 
being based on a thermal radiation radius corresponding to 
the mobile device 100 element. The thermal radiation radius 
may correspond to a distance at which heat is radiated from an 
element. Those of ordinary skill will also appreciate that heat 
transfer and/or heat dissipation may be inversely proportional 
to the thermal radiation radius length. 

Next, FIG. 2 illustrates an exemplary arrangement of the 
heat pipe 170 within the mobile device 100, and FIG. 3 
illustrates an exploded view corresponding to the exemplary 
arrangement of FIG. 2. As seen in FIG.3, multiple heat pipes 
170 may be disposed at fixed intervals along a bottom surface 
of the frame 123. While the examples of FIGS. 2 and 3 
illustrate three heat pipes for the heat pipe 170, it should be 
appreciated that any number of heat pipes may be used, 
depending on the size and/or thermal characteristics of the 
frame 123 and the desired performance characteristics and 
heat transfer requirements of the mobile device 100 semicon 
ductor chips. Moreover, while the heat pipes 170 shown in 
FIGS. 2 and 3 are substantially the same length as the frame 
123 and linearly arranged in a longitudinal direction corre 
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4 
sponding to a side of the frame 123, these dimensional char 
acteristics of the heat pipes are not limiting and other shapes 
and/or dimensions of heat pipes may be implemented within 
the scope of the present disclosure. 

Referring now to FIG.3, the circuit board 141 may include 
semiconductor chips 144, 145, and 146, which are mounted 
on both the top and the bottom surfaces of the circuit board 
141. The shields 142 and 143 may accordingly be arranged on 
the top and bottom surfaces of the circuit board 141 such that 
the semiconductor chips are covered by the shields 142 and 
143. For example, the shield 142 may be arranged on a top 
surface of the circuitboard 141 such that the shield 142 covers 
the semiconductor chips 144 and 145. Similarly, the shield 
143 may be arranged on a bottom surface of the circuit board 
141 such that the semiconductor chip 146 is covered. During 
operation of the mobile device 100, heat is emitted by the 
semiconductor chips 144-146, which causes the temperature 
to increase in the areas Surrounding the semiconductor chips. 
Heat may be transferred via the thermally conductive mate 
rials comprising the shields 142 and 143. Similarly, heat may 
be transferred from the shields 142 and 143 to the heat pipes 
170 such that heat is dissipated from the semiconductor chips. 
For example, FIG. 3 illustrates a side of the heat pipes 170 
contacting a surface of the shield 142, thereby providing a 
heat transfer medium to dissipate heat from the semiconduc 
tor chips 144 and 145. Lastly, FIGS. 2 and 3 illustrate the 
battery 160 disposed at a location below the heat pipe 170 that 
does not include the circuit board 141. As will be described 
later in further detail, certain aspects of the present disclosure 
may include heat pipe arrangements corresponding to aspects 
of the mobile device battery. 

Next, FIGS. 4 and 5 illustrate a non-limiting example of an 
arrangement of the heat pipe 170 on the frame 123. Specifi 
cally, FIG. 4 illustrates exemplary aspects of a recessed por 
tion of the frame 123 in which the heat pipe 170 may be 
arranged, and FIG. 5 illustrates a state in which the heat pipe 
170 has been disposed within the recessed portion illustrated 
in FIG. 4. 

Referring to FIG. 4, the heat pipe 170 illustrated in this 
example has a flat shape with a width W1 and a height H1. The 
width and height of the heat pipe 170 may be determined 
based on the desired heat transfer characteristics of the heat 
pipe 170. As a non-limiting example, the heat pipe 170 may 
have a lateral width of approximately 5 millimeters and a 
height of approximately 0.6 millimeters. However, the 
present disclosure may easily be adapted Such that the heat 
pipe 170 has other dimensional characteristics and/or is 
shaped differently than the examples shown in FIGS. 4 and 5. 
For example, the heat pipe 170 may have a rounded shape. 
A recess 123a is illustrated on a surface of the frame 123. 

The recess 123a may have a lateral width W2, which may be 
greater than or equal to the width W1 of the heat pipe 170. 
Further, the recess 123a has a depth with which to accommo 
date the height of the heat pipe 170. That is, the heat pipe 170 
may be fitted in the recess 123a such that a top surface of the 
heat pipe 170 is substantially flush with a top surface of the 
frame 123, as shown in FIG. 5. Alternatively, the top surface 
of the heat pipe 170 may be slightly raised or lowered relative 
to the top surface of the frame 123. Additionally, when the 
heat pipe 170 has been placed in the recess 123a of the frame 
123, the heat pipe 170 may be fixed to the surface of the frame 
123 with, for example, an adhesive agent. 
While the inclusion of the recess 123a for embedding the 

heat pipe 170 in the frame 123 provides the benefit of limiting 
the overall thickness of the mobile device 100, providing a 
recessed portion in the frame 123 is not required, and the heat 
pipe 170 may be affixed to the top surface of the frame 123 at 



US 9,307,682 B2 
5 

an area that is not recessed. Further, the present disclosure 
may be easily adapted Such that other arrangements of 
recesses and/or heat pipes are utilized. For example, the 
recess 123a may be configured at a different angle, arranged 
on a different Surface, and/or possess different dimensions 
than those illustrated and described with respect to FIGS. 4 
and 5. Additionally, alternative shapes and quantities of heat 
pipes may be utilized. For example, a plurality of recessed 
heat pipes 170 may include a curvature. 

The present disclosure is not limited to providing recessed 
areas only within a display frame. Such as frame 123. In 
another aspect of the present disclosure, a recessed area may 
be provided in a shield covering a semiconductor chip 
arranged on a circuit board. As a non-limiting example, FIG. 
6 illustrates the heat pipe 170 arranged within a recess 142a 
provided in the shield 142. As discussed previously, shields 
such as the shield 142 may be arranged on the circuit board 
141 in an area corresponding to a semiconductor chip Such 
that heat emitted from the semiconductor chips during opera 
tion is dissipated via the shield 142 and the heat pipe 170. The 
lateral width and depth of the recess 142a shown in FIG. 6 
may be similar to the width and depth illustrated in FIG. 4. 
Similar to the case in which a recess is provided in a display 
frame, such as the example shown in FIG. 4, providing the 
recess 142a in the shield 142 such that the heat pipe 170 is 
embedded within the shield 142 allows for limiting the over 
all thickness of a corresponding mobile device in which the 
elements shown in FIG. 6 are arranged. Further reductions in 
overall mobile device size may also be achieved by combin 
ing aspects of embedding the heat pipe 170 within elements of 
the mobile device 100. For example, aspects of FIGS. 4 and 6 
may be combined in a singular mobile device for the purpose 
of reducing the overall thickness of the device. 

Next, FIG. 7 illustrates a non-limiting example of an alter 
native arrangement of heat pipes on a display frame. Refer 
ring to FIG. 7, heat pipes 171, 172, and 173 are arranged on a 
top surface of the frame 123. The heat pipes 171-173 may be 
of a similar material composition to that of the heat pipe 170. 
Additionally, the heat pipe 172 shown in FIG. 7 is illustrated 
as having similar dimensional and shape characteristics as 
those of the heat pipe 170. A centerportion 171a correspond 
ing to heat pipe 171 and a center portion 173a corresponding 
to the heat pipe 173 may be arranged on the frame 123 at 
narrow intervals on opposing sides of the heat pipe 172. The 
heat pipe 172 may be arranged at a Substantially centerline 
region of the frame 123. The heat pipe 173 may include an 
extension portion 173c extending from a bend 173b located 
on each end of the center portion 173a. Similarly, the heat 
pipe 171 may include an extension portion 171c extending 
from a bend 171b located on each end of the center portion 
171a. The extension portions 171c and 173c may extend to a 
widthwise and/or a lengthwise edge of the frame 123. By 
including a curvature in the heat pipes 171 and 173 as shown 
in the example of FIG. 7, heat may be efficiently dissipated 
throughout the frame 123 to which the heat pipes are in 
COntact. 

Next, FIG. 8 illustrates a non-limiting example in which a 
conductive sheet 147 is interposed between the heat pipes 170 
and the shield 142, which is arranged on the circuitboard 141. 
The conductive sheet 147 may be a thin film material having 
high thermal conductivity characteristics. The conductive 
sheet 147 may be disposed on a surface of the shield 142, and 
the heat pipes 170 may be disposed on the conductive sheet 
147. Arranging the conductive sheet 147 between the shield 
142 and the heat pipes 170 provides for efficient heat transfer 
between the shield 142 and the heat pipes 170. As an alterna 
tive to a thin film material, such as the conductive sheet 147 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
shown in FIG. 8, similar heat transfer efficiencies may be 
achieved by utilizing paste-form thermally conductive mate 
rials, such as grease, in lieu of the conductive sheet 147. 

Next, FIG. 9 illustrates a non-limiting example in which 
the heat pipes 170 are placed in direct contact with semicon 
ductor chips 144 and 145. In the foregoing examples, a shield 
material, such as the shield 142, has been described as being 
arranged over the semiconductor chips placed on the circuit 
board 141 surface. In the exemplary arrangement of FIG. 9. 
the heat pipes 170 are directly contacting a surface of the 
semiconductor chips 144 and 145. Further, the exemplary 
arrangement shown in FIG.9 may additionally include ther 
mally conductive materials, such as a conductive sheet, inter 
posed between the heat pipes 170 and the semiconductor 
chips 144 and 145. 

Next, FIG. 10 illustrates a non-limiting example of a heat 
pipe shape according to another aspect of the present disclo 
sure. The example of FIG. 10 illustrates a heat pipe 174 
arranged along a surface of the shield 142. The heat pipe 174 
runs linearly along a longitudinal direction of the shield 142 
and bends at approximately a 90° angle. The non-linear shape 
of the heat pipe 174 may provide for an increased heat transfer 
Surface area relative to the case in which a linear heat pipe is 
used. Consequently, a heat pipe having a non-linear shape 
(e.g., heat pipe 142) arranged across a Surface of the shield 
142 may improve heat transfer efficiency between the shield 
142 and the non-linear heat pipe, thereby increasing heat 
dissipation efficiency in the mobile device 100. 

Next, FIG. 11 illustrates a non-limiting example in which a 
heat pipe 175 is arranged in a longitudinal direction at a 
substantially centerline region of the display frame 123. As 
shown in FIG. 11, a plurality of heat pipes 176 may be 
arranged at a fixed interval on opposing sides of the heat pipe 
175. Each of the heat pipes 176 may have a length that is 
approximately half the width of the display frame 123. 
Arranging the heat pipe 175 at a Substantially centered region 
in combination with the heat pipes 176 at predetermined 
intervals along the frame 123 surface provides improved heat 
transfer efficiency. 

While the foregoing examples illustrated cases in which a 
heat pipe was formed on a frame and/or shield Surface, 
aspects of the present disclosure may easily be adapted by 
those of ordinary skill in the art to provide heat pipes on other 
mobile device elements. As a non-limiting example, FIG. 12 
illustrates an exemplary arrangement in which aheat pipe 180 
is arranged on the battery cover 112. The battery cover 112 
may have dimensions of Sufficient size Such that it substan 
tially covers the entire back of a mobile device 100a. The heat 
pipe 180 may be arranged on the battery cover 112 such that 
it adjoins a region including the circuit board 141 with a 
location where the battery 160 is installed. Additionally, 
although the shield 143 on the lower surface of the circuit 
board 141 is shown to be separated from the heat pipe 180 in 
FIG. 12, the exemplary arrangement of FIG. 12 may be easily 
adapted such that the shield 143 contacts the heat pipe 180. In 
addition, it is preferable that the battery cover 112 to which 
the heat pipe 180 is attached be comprised of a sufficiently 
thermally conductive material. Such as a metal. Alternatively, 
a thermally conductive material Such as a metal plate may be 
affixed to an inner surface of the battery cover 112 to improve 
thermal radiation efficiency. Moreover, recessed portions 
similar to recess 123a shown in FIG.4 may be provided in the 
battery cover 112 to ensure the thickness of the mobile device 
100a does not increase unnecessarily. 

Next, FIG. 13 illustrates a non-limiting example of a 
mobile device 100b in which both the heat pipe 170 adjacent 
to the frame 123 and the heat pipe 180 on the battery cover 
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112 are included. By placing the heat pipes 170 and 180 as 
shown in the example of FIG. 13, heat dissipation by thermal 
radiation on multiple surfaces of the mobile device 100b may 
be obtained, thereby improving the overall efficiency of heat 
dissipation of the mobile device 100b. 

In another aspect of the present disclosure, a heat pipe may 
be arranged on a mobile device battery. FIG. 14 illustrates a 
non-limiting example of arranging a heat pipe 170 in a recess 
160a provided in a battery 160'. The recess 160a may corre 
spond to a location in the mobile device 100 at which the heat 
pipe 170 is arranged. That is, the heat pipe 170 may be affixed 
to the battery within the recess 160a, or the recess 160a may 
provide a region to accommodate the heat pipe 170 when the 
heat pipe 170 is affixed to another element in the mobile 
device 100 (e.g., the battery cover 112). Circuit boards 152 
and 153 may be interposed between the frame 123 and the 
battery 160'. In certain aspects of the present disclosure, the 
circuit boards 152 and 153 may be flexible circuit boards. 
Arranging a heat pipe within a recess of a mobile device 
battery, such as the example shown in FIG. 14, may further 
decrease the necessary thickness of the mobile device 100. 

FIG. 15 illustrates an example of an internal structure of the 
battery 160' that includes the recess 160a. As shown in FIG. 
15, the battery 160' may be a lithium-ion battery with a 
positive electrode 161 and a negative electrode 162 alter 
nately disposed within the battery. A positive electrode 163 
and a negative electrode 164 may be divided in two segments 
at a location corresponding to the recess 160a. A wiring 165 
may be connected at each of the positive electrodes 161 and 
the positive electrode 163 to provide a positive connection 
terminal for the battery 160'. Similarly, a wiring 166 may be 
connected to each of the negative electrodes 162 and the 
negative electrode 164 to provide a negative connection ter 
minal for the battery 160'. Providing the positive electrode 
163 and the negative electrode 164 which are divided in two 
segments allows for the recess 160a to be provided without 
unnecessarily limiting the circuitry provided to power the 
mobile device in which the battery 160' is installed. Those of 
ordinary skill will appreciate that aspects of the present dis 
closure may be adapted Such that a plurality of recesses are 
provided in a battery, in which case the number of electrode 
segments will be a function of the number of recesses. Fur 
ther, aspects of the present disclosure may be adapted to other 
battery configurations and types. 

Obviously, numerous modifications and variations of the 
present disclosure are possible in light of the above teachings. 
It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise 
than as specifically described herein. For example, advanta 
geous results may be achieved if the steps of the disclosed 
techniques were performed in a different sequence, if com 
ponents in the disclosed systems were combined in a different 
manner, or if the components were replaced or Supplemented 
by other components. 

The functions, processes and algorithms described herein 
may be performed in hardware or software executed by hard 
ware, including computer processors and/or programmable 
circuits configured to execute program code and/or computer 
instructions to execute the functions, processes and algo 
rithms described herein. Additionally, some implementations 
may be performed on modules or hardware not identical to 
those described. Accordingly, other implementations are 
within the scope that may be claimed. For example, aspects of 
the present disclosure may be adapted to provide heat transfer 
for displays other than LCD and LED type technology. Addi 
tionally, aspects of the present disclosure may be imple 
mented in devices other than those described herein in the 
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8 
foregoing examples. For example, those of ordinary skill may 
apply features described herein to provide heat dissipation in 
tablet computers, laptop computers, e-readers, personal digi 
tal assistants (PDAs), Smartphones, cellular telephones, por 
table displays, navigation units, music players, projectors, or 
the like. 

Materials other than those described herein may be substi 
tuted to provide heat transfer mediums in accordance with the 
present disclosure. Further, the exemplary arrangements 
described herein may easily be adapted based on desired heat 
dissipation characteristics and/or internal arrangements of a 
mobile device. For example, structural aspects of the present 
disclosure may be applied to form heat dissipation Surfaces in 
a shape corresponding to locations of elements within the 
device rather than predetermined arrangements, such as a 
linear arrangement. Moreover, the present disclosure is not 
limited to providing heat dissipation to the elements 
described herein. That is, those of ordinary skill will appre 
ciate aspects of the present disclosure may easily be adapted 
Such that heat may dissipated from elements other than a 
semiconductor chip, a battery, a display frame, etc. 
The functions and features described herein may also be 

executed by various distributed components of a system. For 
example, one or more processors may execute these system 
functions, wherein the processors are distributed across mul 
tiple components communicating in a network. The distrib 
uted components may include one or more client and/or 
server machines, in addition to various human interface and/ 
or communication devices (e.g., display monitors, Smart 
phones, tablets, personal digital assistants (PDAS)). The net 
work may be a private network, such as a LAN or WAN, or 
may be a public network, such as the Internet. Input to the 
system may be received via direct user input and/or received 
remotely either in real-time or as a batch process. 

It must be noted that, as used in the specification and the 
appended claims, the singular forms “a,” “an and “the 
include plural referents unless the context clearly dictates 
otherwise. 
The above disclosure also encompasses the embodiments 

noted below. 
(1) An apparatus comprising: a display including a frame 

disposed at a bottom Surface of the display; circuitry includ 
ing a semiconductor chip; and a first heat pipe affixed to the 
frame, the first heat pipe being comprised of a thermally 
conductive material, wherein a surface of the first heat pipe 
opposes the semiconductor chip at a predetermined distance 
from the semiconductor chip. 

(2) The apparatus of (1), wherein the predetermined dis 
tance is based on a thermal radiation radius corresponding to 
the semiconductor chip. 

(3) The apparatus of (1) or (2), wherein the first heat pipe 
includes at least one flat Surface. 

(4) The apparatus of any one of (1) to (3), wherein: a 
Surface of the frame includes a recess portion, and the first 
heat pipe is arranged within the recess. 

(5) The apparatus of any one of (1) to (4), wherein: a shield 
is formed over the semiconductor chip, and the first heat pipe 
contacts the shield. 

(6) The apparatus of any one of (1) to (5), wherein the first 
heat pipe contacts the shield within a recess formed on a 
surface of the shield. 

(7) The apparatus of any one of (1) to (6), wherein a 
conductive sheet is interposed between the first heat pipe and 
the shield. 

(8) The apparatus of any one of (1) to (7), wherein a 
plurality of heat pipes are affixed to the frame. 
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(9) The apparatus of any one of (1) to (8), wherein the 
plurality of heat pipes are arranged at a predetermined spac 
ing interval on a Surface of the frame. 

(10) The apparatus of any one of (1) to (9), wherein at least 
one heat pipe, of the plurality of heat pipes, is arranged on the 
surface of the frame in a perpendicular direction relative to the 
plurality of heat pipes arranged at the predetermined spacing 
interval. 

(11) The apparatus of any one of (1) to (10), wherein the 
first heat pipe has a non-linear shape. 

(12) The apparatus of any one of (1) to (11), wherein the 
first heat pipe bends from a centerline of a surface of the frame 
to an outer edge of the frame. 

(13) The apparatus of any one of (1) to (12), wherein a 
liquid is enclosed within the first heat pipe, and the first heat 
pipe includes a high temperature region configured to collect 
steam generated in response to heating the liquid. 

(14) The apparatus of any one of (1) to (13), wherein: the 
first heat pipe includes a low temperature region configured to 
collect condensed steam from the high temperature region, 
and the low temperature region is connected to the high tem 
perature region Such that the condensed steam flows from the 
low temperature region to the high temperature region. 

(15) The apparatus of any one of (1) to (14), further com 
prising: a battery; and a second heat pipe affixed to a cover of 
the battery. 

(16) The apparatus of any one of (1) to (15), wherein: the 
battery includes a recess having a size corresponding to a size 
of the second heat pipe, and the recess is arranged on the 
battery to correspond to a location at which the second heat 
pipe is affixed to the cover of the battery. 

(17) The apparatus of any one of (1) to (16), wherein the 
recess is arranged on the battery such that a positive electrode 
and a negative electrode of the battery are split in two or more 
parts. 

(18) The apparatus of any one of (1) to (17), wherein the 
second heat pipe contacts a shield formed over the semicon 
ductor chip. 

(19) The apparatus of any one of (1) to (18), further com 
prising one or more circuit boards interposed between the 
battery and the frame. 

(20) A method of dissipating heat from a semiconductor 
chip in a mobile device, the method comprising: affixing a 
heat pipe to a frame disposed at a bottom Surface of a display 
included on the mobile device; and dissipating heat generated 
by the semiconductor chip by arranging the heat pipe Such 
that a surface of the heat pipe opposes the semiconductor chip 
at a predetermined distance from the semiconductor chip, 
wherein the heat pipe is comprised of a thermally conductive 
material. 

(21) An apparatus comprising: a display including a frame 
disposed at a bottom Surface of the display; a semiconductor 
chip; and a heat dissipation means for dissipating heat from 
the semiconductor chip, wherein the heat dissipation means is 
affixed to the frame, the heat dissipation means is comprised 
of a thermally conductive material, and a surface of the heat 
dissipation means opposes the semiconductor chip at a pre 
determined distance from the semiconductor chip. 
The invention claimed is: 
1. An apparatus comprising: 
a display including a frame disposed at a bottom surface of 

the display; 
a semiconductor chip; 
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10 
a heat pipe affixed to the frame, the heat pipe being com 

prised of a thermally conductive material, wherein a 
Surface of the heat pipe is adjacent to the semiconductor 
chip at a predetermined distance from the semiconduc 
tor chip; and 

a battery, wherein 
the battery includes a recess having three Surfaces formed 

in an exterior portion of the battery and having a size 
corresponding to a size of the heat pipe and the recess is 
arranged on the battery to correspond to a location at 
which the heat pipe is affixed to the frame. 

2. The apparatus of claim 1, wherein 
the heat pipe includes at least one flat Surface. 
3. The apparatus of claim 1, wherein 
the heat pipe is arranged within the recess. 
4. The apparatus of claim 1, wherein 
a liquid is enclosed within the heat pipe, and 
the heat pipe includes a high temperature region configured 

to collect steam generated in response to heating the 
liquid. 

5. The apparatus of claim 4, wherein: 
the heat pipe includes a low temperature region configured 

to collect condensed steam from the high temperature 
region, and 

the low temperature region is connected to the high tem 
perature region Such that the condensed Steam flows 
from the low temperature region to the high temperature 
region. 

6. The apparatus of claim 1, wherein 
the recess is arranged on the battery such that a positive 

electrode and a negative electrode of the battery are split 
in two or more parts. 

7. The apparatus of claim 6, wherein 
the positive electrode is provided on a first side of the recess 

and the negative electrode is provided on a second side 
of the recess. 

8. The apparatus of claim 1, wherein 
the semiconductor chip is disposed on the frame. 
9. The apparatus of claim 8, wherein 
the semiconductor chip is disposed on the frame on a first 

side of the recess. 
10. The apparatus of claim 9, further comprising: 
another semiconductor chip disposed on the frame on a 

second side of the recess that it opposite to the first side 
of the recess. 

11. An apparatus comprising: 
a display including a frame disposed at a bottom surface of 

the display; 
a semiconductor chip; 
aheat dissipation means for dissipating heat from the semi 

conductor chip, wherein the heat dissipation means is 
affixed to the frame, the heat dissipation means is com 
prised of a thermally conductive material, and a surface 
of the heat dissipation means opposes the semiconductor 
chip at a predetermined distance from the semiconduc 
tor chip; and 

a battery, wherein 
the battery includes a recess having three Surfaces formed 

in an exterior portion of the battery and having a size 
corresponding to a size of the heat dissipation means and 
the recess is arranged on the battery to correspond to a 
location at which the heat dissipation means is affixed to 
the frame. 


